Effects of formylation of vinyl side chains of heme on optical and ligand binding properties of horse heart ferric myoglobin.
Effects of substitution of vinyl groups of hemin with formyl groups on the optical and ligand binding properties of horse heart ferric myoglobin were investigated. The peak positions as well as the line shapes of the absorption spectra of the ferric derivatives of three kinds of formylmyoglobin, 2-vinyl-4-formyl-, 2-formyl-4-vinyl-, and 2,4-diformylmyoglobins depend on the number and the position of the formyl groups. Absorption maxima in the Soret region of the acid forms of these ferric formylmyoglobins in 0.1 M potassium phosphate buffer, pH 6.0, at 20 degrees were 415.2, 422, and 429 nm, respectively. The acid forms of these formylmyoglobins exhibit absorption spectra of the mixture of high- and low spin states at ambient temperature. Since proto-, deutero- and mesomyoglobins have a high spin state under the same condition, the increase of the low spin iron in these formylmyoglobins may be due to the strong electron withdrawal by the formyl groups toward the periphery of the porphyrin ring. The affinities of these ferric formylmyoglobins and protomyoglobin for N3-, F-, OCN-, and SCN- increased in the order of proto-, monoformyl-monovinyl-, 2,4-diformyl-myoglobin, which corresponds to the increasing order of electron-withdrawing power of the porphyrin side chains. The pKa values of the acid-alkaline transition decreased in the same order. Although the ferric forms of the two isomeric monoformyl-monovinylmyoglobins exhibited different optical spectra, the dissociation constants of the complexes of these isomers for various ligands were similar to each other. The pKa values of the acid-alkaline transition were also similar. These results indicate that affinities of ferric myoglobin for ligands, in contrast to those of the ferrous form for oxygen and carbon monoxide (Sono, M., and Asakura, T. (1975) J. Biol. Chem. 250, 5527-5232 and Sono, M., Smith, P.D., McCray, J.A., and Asakura, T. (1976) J. Biol. Chem 251, 1418-1426), are not affected by the position of modifications at the two vinyl groups, but are determinedby the number of the formyl groups and that two vinyl groups at position 2 and 4 are equivalent in the binding of various ligands by ferric myoglobin. The electron density of the ferric iron appears to be similar for the two isomeric monoformyl-monovinylmyoglobins.